International trade grew substantially throughout the last decades and international relations became more important for the economic performance of the countries. Simultaneously new poles emerged in the international arena leading to growing competition for higher market shares. Therefore, trade competition is a critical dimension of analysis for applied international trade studies. We propose a conceptual framework for measuring this phenomenon by combining some critical previous contributions to build a multidimensional and more comprehensive concept, which defines trade competition as a function of the degree of both structural similarity and total exports overlap. Moreover, structural similarity should take into account three elements: sectoral shares similarity, inter-sectoral similarity (evaluating how different the distinct sectors are), and intra-sectoral similarity (proximity in terms of quality ranges exported). Several measures are proposed to empirically capture the concept suggested. Finally, we present an example including the exports of the three largest European economies to 122 destination markets in order to illustrate the application of the concept and the measures suggested.
among the most critical trends of (at least) the last three decades (Riad et al., 2012; Head and Mayer, 2013) . As described by Kaplinsky and Messner (2008, p. 197) , "the global economy is undergoing a profound and momentous shift". This profound geographical reconfiguration of international economic relations was driven by technological progress and the reduction of trade costs generated by the evolution in the transport sector and the liberalization trend that characterized the world economy in the second half of the twentieth century (Carter and Li, 2004) . As a consequence of these transformations, international trade grew dramatically during the last decades and we are faced with a new scenario characterized by much more open and interdependent economies (Berthelon and Freund, 2008) . Given the magnitude of actual trade flows and their importance for the overall economic performance of the countries (and the firms), the phenomenon of trade competition requires special attention and needs to be seen as a priority in the agenda of international trade research. Given the emergence of China as a major world trade player (Kaplinsky and Messner, 2008) , the high attention that this case has received so far it is not surprising, with many studies analyzing the impact of the Chinese trade growth for other countries in several destination markets (e.g., Lall and Albaladejo, 2004; Lall et al., 2005; Blázquez-Lidoy et al., 2006; Greenaway et al., 2008; Jenkins et al., 2008; Schott, 2008; Jenkins, 2012; Giovannetti et al., 2013) .
However, despite its central role for a correct analysis of a reality that is rapidly changing, this concept is not yet fully internalized by applied international trade literature. In fact, the many empirical studies already produced in this area do not benefit from a global conceptual framework, and are instead evaluated through different 3 empirical perspectives and measures. Each indicator used captures some important dimension of trade competition between two countries but lacks the consideration of other important elements. They are therefore, at best, partial measures of the phenomenon under consideration.
The most common approach to this subject evaluates the similarity in sectoral shares (structural similarity) as a proxy of trade competition (Wu and Chen, 2004; Blázquez-Lidoy et al., 2006; Langhammer and Schweickert, 2006; Schott, 2008; Duboz and Le Gallo, 2011; Vandenbussche et al., 2013) . The Krugman Specialization Index (Krugman, 1991) and the Finger-Kreinin index (Finger and Kreinin, 1979) are commonly used as baseline indicators (Palan, 2010) . Retaining this spirit but using an even simpler approach, other studies calculate correlation coefficients between the sectoral shares, the ranking of these sectoral shares, or the ranking of revealed comparative advantage measures (Lall and Albaladejo, 2004; Shafaeddin, 2004; De Benedictis and Tajoli, 2007) .
Another dimension considered in the empirical literature is the level of intra-sectoral similarity, i.e., the proximity in terms of quality ranges exported. In fact, the growing pattern of vertical specialization (Fontagné et al., 2008; Kaitila, 2010; Vandenbussche et al., 2013) leads some researchers to consider measures that capture the similarity in terms of sectoral shares and quality ranges simultaneously (Antimiani and Henke, 2007) . Crespo and Simões (2012) alert to the advantage of considering an even larger measure of structural similarity, which besides sectoral shares similarity also incorporates inter-sectoral similarity (evaluating how different the distinct sectors are) and intra-sectoral similarity.
Finally, in another important milestone in this literature, Jenkins (2008) puts the emphasis on the concept of competitive threat and highlights that a measure that attends 4 only to structural similarity and ignores the level of overlap between total exports of the two countries under comparison is strongly affected in its capacity to evaluate the critical aspects that are at the heart of the trade competition reality at the world level.
From all this, there is a clear need for new contributions in this research area, namely with the objective of providing innovative insights regarding the measuring of the phenomenon of trade competition between two countries. This is the main goal of this paper.
The approach developed in this study takes the Krugman Specialization Index as a starting point and incorporates the two main contributions of the study by Crespo and Simões (2012) , thereby leading to a measure of structural similarity that accounts for the three critical dimensions of this phenomenon simultaneously: sectoral shares similarity, inter-sectoral similarity, and intra-sectoral similarity. By doing so, we are able to obtain a richer measure of structural similarity. However, this is not enough to capture the real concept of trade competition. For that we need to add to our measure of structural similarity a way to incorporate the overlap between total exports of the two countries (i.e., the ratio between the value of exports from the smaller country and the value of exports from the larger country). Inspired by Jenkins (2008) , we propose an adjustment to our previous indicator, obtaining distinct indexes for each of the two countries under analysis.
While the common approach evaluates trade competition between two countries in a specific destination market, we complement our methodological proposal by considering not only a set of measures that correspond to this perspective but also indicators that aim to quantify the overall level of competition between two countries, i.e., in a group of countries to which they export. Formally, our approach is summarized through equations (1) to (3):
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Structural similarity ihm = f(sectoral shares similarity, inter-sectoral similarity, intra-sectoral similarity) (1)
Trade competition ihm = f(structural similarity, total exports overlap)
Trade competition ih = f(structural similarity, total exports overlap)
where ݅ and ℎ are the exporting countries and ݉ identifies a specific destination market.
The remainder of the paper is structured as follows. Section 2 presents our measure of structural similarity. Section 3 introduces the overlap between total exports in the analysis of trade competition. Section 4 summarizes the measures proposed in this study according to the dimensions included in each index. Section 5 extends the previous approach by considering the level of trade competition between two countries in a group of destination markets. Section 6 illustrates our methodological proposal through an empirical example considering export data for Germany, France, and the United Kingdom. Section 7 presents some final remarks.
STRUCTURAL SIMILARITY a) Sectoral Shares Similarity
The Krugman Specialization Index (KSI) is one of the most widely used indexes of structural similarity (Palan, 2010) and is therefore taken as the starting point for this study. The KSI compares the share of each sector in two export structures. As defined in the Introduction let i and h be two countries exporting to a market m (m = 1, 2, . . . , ‫)ܯ‬ and j the sectoral index (݆ = 1, 2, . . . , ‫.)ܬ‬ The index is expressed as follows:
The weights of sector j in the export structure of i and h to m are expressed, respectively, as ‫ݒ‬ and ‫ݒ‬ . Additionally, ‫ݒ‬ = ‫ݔ‬ ‫ݔ‬ ⁄ , where ‫ݔ‬ are the 6 exports of sector j from i to m and ‫ݔ‬ are the total exports from ݅ to ݉. The same definitions apply to ‫ݒ‬ . ‫ܭ‬ ranges between 0 (perfect similarity between the two export structures) and 2 (maximum dissimilarity).
This index has two counter-intuitive characteristics. First, the admissible range does not provide an immediate quantitative message regarding the level of structural similarity.
Second, despite being a measure of structural similarity, it increases with structural dissimilarity. In order to overcome these two problems, we consider as our baseline index a modified version of the KSI, expressed as:
The most common value for β is 0.5. We assume this value for β throughout. Therefore, ‫ܧ‬ ranges between 0 and 1. In this first perspective, the level of structural similarity is maximum (i.e., ‫ܧ‬ = 1) when the weights of each sector are equal in the exports of countries i and h to market m.
b) Inter-sectoral Similarity
The traditional approach to measure structural similarity (i.e., KSI or its adaptations)
does not consider the degree of dissimilarity between sectors. With the aim of adjusting ‫ܧ‬ in order to capture this dimension, we propose a generalized version of the procedure suggested by Crespo and Simões (2012) . To that end, making use of the different levels of sectoral disaggregation that comprise a specific statistical nomenclature, we calculate the weighted average of the structural similarity indexes obtained at each level of sectoral disaggregation (݃ = 1, 2, … , ‫,)ܩ‬ with the weight of each level given by α
. ‫ܧ‬ is calculated as in equation (5) for each level g.
This procedure allows us to take into account that some sectors are more similar in terms of their characteristics and production requirements. In comparison to ‫ܧ‬ , ܵ allows that distinct sectors at a higher level of sectoral disaggregation are classified as more similar if, when lower levels of disaggregation are considered, they belong to the same sector than when that does not occur.
The weights assigned to each level of disaggregation depend on the importance that the researcher gives to this dimension of structural similarity. Greater importance to this dimension implies more weight to less disaggregated levels of sectoral analysis.
c) Intra-sectoral Similarity
Several studies have reported an increasing specialization by quality ranges at the international level, suggesting that besides inter-sectoral differences between the specialization patterns of the countries, there are important intra-sectoral differences (Fontagné et al., 2008; Kaitila, 2010; Vandenbussche et al., 2013) . In order to incorporate this aspect in the evaluation of the degree of structural similarity, it is necessary to measure the quality of the goods, which, by definition is a complex task.
When we consider trade data, the use of unit export values as a quality proxy is the usual procedure to overcome this problem (Stiglitz, 1987) .
To incorporate intra-sectoral similarity in the structural similarity index we evaluate the difference, for each sector, between the quality level of the exports from the two countries under consideration. To that end we calculate the index ܱ as follows:
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and
For sector ݆, ‫ݔ(ܸܷ‬ ) and ‫ݔ(ܸܷ‬ ) are the unit values of the exports from i and h to ݉, respectively.
ܱ works as an adjustment factor that reduces the level of structural similarity between ݅ and ℎ according to the average degree of intra-sectoral dissimilarity. In its turn, the degree of intra-sectoral similarity is calculated considering a weighted average of the differences, in each sector, in terms of quality ranges. The weights -expressed by ε -are the average share of ݆ in the exports from ݅ and ℎ to ݉.
Therefore, the indicator capturing sectoral shares similarity and intra-sectoral similarity is obtained as:
When the unit export values of ݅ and ℎ to ݉ are exactly the same, ܼ = 1. If this is the case for all products, ܱ = 1 and, therefore, ‫ܣ‬ = ‫ܧ‬ . A greater difference in the unit export values implies a greater penalization on ‫ܧ‬ , indicating a lower degree of structural similarity between ݅ and ℎ.
d) Structural Similarity -An Overall Index
In the above subsections we discussed indexes of structural similarity that incorporates three dimensions -sectoral shares, inter-sectoral, and intra-sectoral similarity. Now, in order to obtain an overall measure of structural similarity we construct an index that simultaneously includes all these dimensions:
The index ‫ܥ‬ takes its maximum value (i.e., ‫ܥ‬ = 1) when the exports of ݅ and ℎ to market ݉ are equal in terms of the three dimensions of structural similarity considered.
TOTAL EXPORTS OVERLAP
All the indexes discussed above are (partial or overall) measures of structural similarity.
In this section we argue that the competition between two countries in a given market depends not only on the level of structural similarity but also on the value of total exports and, more specifically, on the degree of overlap between these two flows.
A simple example illustrates the point. Let us consider three countries -‫,ܣ‬ ‫,ܤ‬ and ‫ܥ‬ -and assume that the weights of all sectors are equal in the three countries, the only difference being the overall value of their exports, which is similar between ‫ܣ‬ and ‫ܤ‬ but very different between these countries and ‫.ܥ‬ Although ‫ܧ‬ indicates a similar level of structural similarity between all pairs of countries (in this case, maximum similarity), these situations are distinct and express different levels of trade competition.
This question was introduced by Jenkins (2008) by referring that structural similarity indexes capture only the composition of the exports of the two countries under comparison and that this procedure implies obtaining a single value for a pair of countries. According to Jenkins (2008 Jenkins ( , p. 1355 , "no index which implies that Honduras is as much a competitive threat to China's export markets as China is for Honduran exports is credible". To overcome this limitation, Jenkins (2008) introduces two new indicators: the static and the dynamic index of competitive threat. These indexes reflect the proportion of total exports of a country concentrated in products in which the other country is globally competitive.
Following a different perspective, we incorporate the overlap between total exports by adjusting the structural similarity indicators. Obviously, accounting for this dimension implies obtaining not a single value per pair of countries but instead a value for each of the two countries under comparison. We start by proposing an adjustment to ‫ܧ‬ in order to take into account the level of total exports overlap between the two countries under analysis, which is expressed as:
The extension in which the structural similarity index is adjusted depends, once again, on the importance given to this dimension. Thus, we have 1 :
The influence of the total exports overlap decreases as the parameter λ increases (λ ≥ 1), with ‫ܤ‬ converging to ‫ܧ‬ . On the contrary, when λ = 1, the impact is fully captured and therefore ‫ܤ‬ = ߤ ‫ܧ‬ .
In this case, trade competition is maximum when both the weights of each sector and total exports are equal in the two countries. In all the cases in which ‫ݔ‬ ≠ ‫ݔ‬ we will have a trade competition index assuming different values for the countries under analysis ‫ܤ(‬ for country ݅ and ‫ܤ‬ for country ℎ). This is an important characteristic of this dimension. In the following steps of our methodological approach, when we combine this dimension with other dimensions we will also obtain different values for countries ݅ and ℎ. ‫ܤ‬ and ‫ܤ‬ are based on the following reasoning: for the larger exporter, the trade competition index is equal to ‫ܤ‬ , while for the smaller exporter the index corresponds to ‫ܧ‬ plus a proportion of the difference between ‫ܧ‬ and ‫ܤ‬ .
They are given by:
When ߛ = 1, ‫ܤ‬ and ‫ܤ‬ range between 0 and 2.
If we wish to take into account all the dimensions of structural similarity -sectoral shares similarity, inter-sectoral similarity, and intra-sectoral similarity -and the degree of total exports overlap, we can obtain a new index of trade competition:
where:
Since ‫ܤ‬ varies by country, we can also obtain indicators ܷ for each country. ܷ and ܷ are calculated using the same logic of ܷ :
4. TAKING STOCK index between ݅ and ℎ in market ݉ and hereinafter will be designated in generic terms as ‫ܫܥܶ‬ .
[Insert Table 1 here]
TRADE COMPETITION IN A GROUP OF MARKETS
We discussed above the case of competition between two countries in a given market.
Taking as starting point a narrow concept of competition based only on sectoral shares, we have gradually extended this framework by taking into account additional dimensions of this phenomenon, thereby developing a methodological proposal that is better able to allow a more in-depth knowledge of trade competition.
The main goal of the present section is to take a step forward by presenting an indicator that evaluates the degree of trade competition between two countries in a group of markets (instead of only one).
2 By broadening the spectrum of analysis, we gain an overall picture about the competitive threat that one country represents to another in all markets in which they compete.
Going from ‫ܫܥܶ‬ to ‫ܫܥܶ‬ indicators introduces a new methodological problem.
Each country (potentially) exports to ‫ܯ(‬ − 1) countries. However, this group of 13 destination countries is not equal, there is one element that is different. In fact, while country ݅ can export to country ℎ, country ℎ can export to country ݅. Our suggestion to overcome this problem involves the direct comparison of the bilateral flows between countries i and ℎ in their respective export structure.
To analyze the level of trade competition between countries i and h in their exports to a group of destination markets, we calculate an overall index based on a weighted average of trade competition in each individual market. This index is expressed as follows:
with ‫ܫܥܶ‬ ି being the index of trade competition, calculated in the same way as ‫ܫܥܶ‬ , which compares the exports from ݅ to ℎ with the exports from ℎ to ݅. In turn, δ is given by:
where
In this case, maximum overall competition requires the existence of maximum similarity in the trade flows for each destination market. ‫ܮ‬ can be based on any of the ‫ܫܥܶ‬ discussed in the previous sections. We will designate the ‫ܮ‬ obtained from ‫ܧ‬ as ‫ܮ‬ ா , from ‫ܣ‬ as ‫ܮ‬ , and so on. and HS4 are also considered.
Applying the methodological proposal presented in Sections 2 to 5 to these data produces a large amount of very rich evidence. We will focus the analysis on the index We will start with the ‫ܮ‬ based on ‫ܧ‬ which is the index most frequently used in the literature to analyze structural similarity and which, for this reason, will provide a benchmark to measure the impact of the remaining dimensions of trade competition considered.
The results in the first line of Table 2 show that when we consider a group of destination markets that represent almost the total exports of these countries, there are very high levels of similarity in the exports structures of these countries.
[Insert Table 2 [Insert Figure 1 here]
(ii) Inter-sectoral Similarity
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The incorporation of inter-sectoral similarity requires assigning weights to the different levels of sectoral disaggregation (HS2, HS4, and HS6). To minimize the subjectivity in this process, we tested three alternative sets of values for these weights (ߙ ଵ , ߙ ଶ , and ߙ ଷ ) -see Table 2 -gradually increasing the importance attributed to less disaggregated levels (HS2 and HS4). Each of these alternatives leads to a different ܵ indicator
, and ܵ
) and consequently to a different ‫ܮ‬ .
The results shown in Table 2 rises to 0.376. This represents a growth of 13.0%, which compares with increases of 9.4% and 11.7% for DE-FR and DE-GB, respectively. This evidence is not surprising since this is the pair ranking last when we measure trade competition using an index that includes only sectoral shares (defined according to HS6).
In Table 3 , we present some complementary evidence. For each pair, the destination markets were ranked according to their average weight in total exports from the smallest to the largest value and then divided into ten groups (the number of destination markets for each pair is 121 and, except for the first group -less relevant markets -which includes 13 countries, the other nine groups have 12 countries each). For the three pairs the 24 most important markets (Groups 9 and 10) absorb more than 80% of total exports. For each group we selected a set of indicators
, ‫ܣ‬ , ‫ܤ‬
, ܷ (ହ) ) and present their average values
, ܷ ഥ (ହ) , respectively).
[Insert Table 3 here]
In the last three columns of Table 3 we calculate, for each group of destination markets, the ratios between the average values of ‫ܫܥܶ‬ indexes and the average values of ‫ܧ‬ .
From this evidence we obtain a deeper understanding about the causes of the higher increase of the ‫ܮ‬ ௌ indicators (in comparison to ‫ܮ‬ ா ) for the pair FR-GB. First, this occurs in a more pronounced way in the cases of the 49 less important markets (Groups 1 to 4). Second, the pattern also emerges in the 48 more important markets (Groups 7 to 10), although with smaller differences than those found for the other two pairs.
(iii) Intra-sectoral Similarity Table 4 contains the results for ‫ܮ‬ based on ‫ܣ‬ -accounting for sectoral shares similarity and intra-sectoral similarity -and ‫ܥ‬ -also including inter-sectoral similarity. To that end, we use alternative values for the parameters involved in these indexes.
[Insert Table 4 here]
A first important finding is that there is a stronger similarity in the quality ranges of the products exported by Germany and France, meaning that the gap between ‫ܮ‬ and ‫ܮ‬ ா is lower for this country pair and higher for the case of France-United Kingdom ( Table 3 , we see that the difference (in relative terms) between ‫ܣ‬ ̅ and ‫ܧ‬ ത is smaller for the pair DE-FR than for the other two pairs and that this higher similarity is found for all ten groups of countries with the exception of Group 6. ).
(iv) Total exports overlap
The ‫ܮ‬ indexes attend simultaneously to sectoral shares similarity and total exports overlap (Table 5 ). With ߣ = 1 (full incorporation of the total exports overlap dimension), from ‫ܮ‬ (భ) it is possible to conclude that there is a more pronounced [Insert Table 5 here]
In the case of ‫ܮ‬ (మ) and ‫ܮ‬ (య) the indicators suffer a lower decrease. Nevertheless, the qualitative impact is similar concerning the ranking of the more penalized country pairs.
We can see in Table 3 that in all but one group of countries (Group 2), it is for the pair FR-GB that we find a narrower gap between ‫ܧ‬ ത and ‫ܤ‬ ത (ଶ) . Nevertheless, concerning the other two pairs we do not find a coherent pattern, with the ranking depending on the group we are considering.
Regarding ‫ܮ‬ , the overall trade competition indexes capturing simultaneously the three dimensions of structural similarity and total exports overlap, we calculate nine alternatives resulting from varying the values given to ߙ ଵ , ߙ ଶ , ߙ ଷ , and ߣ. From the results obtained in Table 5 we conclude that it is for the country pair DE-GB that ‫ܮ‬ registers the strongest decrease (in all 9 variants of ‫ܮ‬ calculated). This arises from a combination of effects: (i) DE-GB is the pair revealing more pronounced differences in total exports; and ( [Insert Table 6 here]
There are interesting results to highlight. First, the gap between ‫ܮ‬ ா,ிோ (మ) and ‫ܮ‬ and ‫ܮ‬ ா,ீ (మ) increase by 72.9 % and 91.6% in comparison to ‫ܮ‬ ா,ிோ (మ) and ‫ܮ‬ Nevertheless, the gap between ‫ܮ‬ ிோ,ீ (మ) and ‫ܮ‬ ிோ,ீ
is smaller than what we found before in the pairs involving Germany. Fourth, the findings for the indicators ‫ܮ‬ are similar to those using the ‫ܮ‬ indicators.
CONCLUSION
The main goal of the present study was the methodological discussion of a set of measures that allow a broader understanding of the concept of trade competition. We defined this concept as being a function of both structural similarity and total exports overlap while, in turn, the first concept encapsulates three dimensions: (i) sectoral shares similarity, as in the standard Krugman Specialization Index or similar measures;
(ii) intra-sectoral similarity; and (iii) inter-sectoral similarity. Building on this multidimensional concept, we propose indexes that allow the quantification of the trade competition phenomenon both in a specific destination market and in a group of markets.
In order to provide an empirical example of the methodology proposed, we considered evidence from the three largest European economies -Germany, France, and the United Kingdom.
As our main contribution is a methodological one, the challenge now concerns the application of the measures suggested in this paper to a broad range of different countries and time periods. This is a critical step toward a better understanding of a 21 complex and dynamic phenomenon with evident implications for the countries in terms of competitiveness and growth. In the methodological sphere, further research must be devoted to a detailed identification of the contribution of the different dimensions considered to the final level of trade competition between the countries. However, perhaps the main ideas to retain from this study is that the study of trade competition is a fundamental issue in the context of the empirical analysis of international trade and that the development of better measures for this concept is a critical task for international trade researchers. Table   5 .
